Objective: A patient's medical insurance coverage plays an essential role in determining the postacute care (PAC) discharge disposition. The prior health insurance authorization process postpones the PAC discharge disposition, increases the inpatient length of stay, and effects patient health.
INTRODUCTION
Post-acute care (PAC) has involved multiple providers administering aid in a disconnected manner and poor communication throughout the health care system (Abrams, O'Rourke, & Gerhardt, n.d.). When a patient requires PAC services, there is currently little reason given as to why a patient is discharged to an SNF, a home health agency, an AR facility, or a long-term acute care hospital (Burrill, n.d.) . Delayed PAC can result in poor care, higher than average readmission rates, and suboptimal patient outcomes (Burrill, n.d.) .
The growth of the elderly patient population may cause a variety of medical challenges in healthcare industries. Elderly patients tend to require lengthy hospital stays and post-acute care (PAC) assistance to attain desirable health restitution (Yu-Shan, Chu-Sheng, Yao-Hsien, & et.al,
2012) (McKee & J, 2001
). More than one-third of stroke patients in the United States are discharged to PAC facilities, including acute rehabilitation (AR), skilled nursing (SNFs) and longterm care facilities (W, 2016) . The need for PAC has been growing since 2001. One out of five patients is admitted to PAC after being discharged from the hospital (about 8 million patients annually) (Tian, 2016) . On an average, 22.8 % of SNF patients end up back in the hospital within 30 days of their discharge (Burke, et al., 2015) . A prior health insurance authorization delays PAC services (Mills, 2018) and increases the inpatient length of stay. Moreover, prior health authorization issues are concomitant with 92% of care deferments, and they contribute to patient wellbeing issues and administrative ineptitudes Early commencement of prior health insurance authorization (Mills, 2018) . According to an AMA survey that assessed the experiences of a thousand patient care physicians, 64% reported delays for prior authorization decisions from insurers of at least one business day, and 30% stated they wait three to four business days or longer (Mills, 2018) . In addition, 8 out of 10 physicians said the hinderances related to prior health insurance authorization were high, and 86% of these physicians believed that burdens associated with prior authorization have increased over the past five years (Mills, 2018) In this study, we propose an advanced PAC discharge disposition plan using predictive analytics and address the delay caused by prior health insurance authorization, which is responsible for increased inpatient lengths of stay, deferred PAC services, and increased inpatient stay expenses. Advanced PAC discharge disposition planning identifies patients eligible for post-acute services (AR or SNF) based on their initial nursing assessment early in their inpatient stay, enabling the prior health insurance authorization process to start earlier.
METHODOLOGY
This study does not involve patient participation, and no personal patient information are revealed.
All analysis and patient data were anonymized for legal and ethical purposes.
The methodology of this study can be broadly categorized into the following sections: (a) group discussion and problem identification, (b) data collection, (c) data preprocessing, and (d) model selection and assessment.
Group discussion and problem identification
To study the PAC discharge disposition procedures and determine the bottlenecks responsible for PAC discharge delays and long inpatient stays, we conducted a group discussion involving 25 patient care facilitators (PCFs) and two registered nurses (RNs).
The three main questions that were discussed in this session are as follows:
• What criteria do we use to determine whether a patient should go to acute rehabilitation?
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• What criteria do we use to determine whether a patient should go to a skilled nursing facility?
• Is there a defined process map that we follow before a patient discharge note is signed by a doctor? (only to the RNs)
In this section, we collected all the information necessary for understanding and mapping the existing process so that the bottleneck region could be identified.
Data collection
We retrieved 1600 patient data records (from July 2018 through August 2018) from discharge and preoperative assessment notes. The data consist of 306 attributes, including 1 response variable. The raw anonymized data (Choudhury, 2018) are used for all analyses. Our analysis included only patients discharged to AR or SNF, and missing data and deceased patient data were excluded. All data were available in the EPIC database. Figure 2 shows the EPIC database interface used at a non-profit hospital in Iowa. 
Data description
In this section, we briefly describe the data and illustrate the continuous predictors (Hester-Davis fall risk score and Braden scale score) and their behaviors with respect to the age, gender and discharge disposition of the patient.
Early commencement of prior health insurance authorization Age distribution by discharge type. The blue histogram illustrates the age of patients discharged to AR, and the red histogram shows the age of patients discharged to SNF. Older patients were more likely to be discharged to SNF, and younger patients were more likely to tolerate the required three hours of therapy. 
Data preprocessing
The retrieved data set was divided into training (70%) and testing (30%) records.
Model selection
We implemented the following five machine learning algorithms: 
RESULTS

Group discussion of outcomes
The 25 PCFs and 2 RNs agreed that the PAC discharge type is primarily driven by medical insurance coverage and the physical therapy (PT) and occupational therapy (OT) evaluations of a patient. They also noted the importance of health conditions, such as a stroke, hip fracture or spinal cord injury, in mandating AR service for a patient. However, to qualify for AR, the patient must be able to tolerate three hours of therapy and must be covered by medical insurance. Figure 6 shows an approximate protocol that PCFs, RNs and doctors typically follow to manage PAC discharges. The figure was developed based on information gathered from the group discussion and includes only the crucial steps involved in actual practice that are relevant to this study.
Figure 6:
The existing PAC discharge disposition process (for a traditional practice without predictive modeling). In this practice, the hospital requests insurance converge after all clinical procedures are completed. Then, the patient and the hospital wait for two days on an average for the insurance coverage confirmation. This two-day waiting time adds no value to the healthcare services of the patient but increases the inpatient length of stay, hinders patient health and delays PAC (a high-resolution picture is provided).
After a discharge decision is made and confirmed by both the PCF and the doctor, the hospital initiates the prior health insurance authorization process; it takes two days on average (Beaton, 2018) for the insurance company to confirm whether a patient is insured for AR or SNF, thus postponing the discharge by two days. This process was identified as the bottleneck region responsible for PAC discharge disposition delays and long inpatient stays.
3.2.Comparative analysis of predictive models
Several machine learning algorithms were used to predict which patients are eligible for AR and SNF services early in the preoperative phase. The CHAID algorithm, with the highest overall accuracy of 84.16% and a ROC value of 0.81, was selected as best fit model. Table 5 shows the accuracy and the area under the ROC curve of the top five tested models. 
3.3.Advantage and impact of the CHAID predictive model
Implementing the CHAID algorithm yielded the following results: (a) a reduction in the inpatient length of stay, (b) timely PAC discharge, and (c) reduced inpatient stay expenses.
A predicted PAC discharge disposition can be determined on the first day of an inpatient stay, and the average length of an inpatient stay decreased from x days to x-2 days. Table 6 shows the reduction in the average inpatient length of stay due to the early prediction of the PAC discharge disposition.
Early commencement of prior health insurance authorization The following figure shows the increase in the cost of an inpatient stay from 1999 through 2016. 
CONCLUSIONS
Our study is the first that implements predictive modeling to determine the PAC discharge type 2. Seventy-eight percent of providers stated that long prior health insurance authorization processes are associated with patients stopping their treatments.
3. Lengthy inpatient wait times contribute to increased healthcare expenses and poor health outcomes.
Our contributions
1. This study is the first that implements advanced planning for PAC discharge types to minimize the inpatient length of stay based on predictive analytics.
